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1-1. Introduction ~ probe of QOGP =~

Quark Gluon Plasma

pressure heat quark-gluor
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Studying the QGP state by
Relativistic Heavy lon Collider.

1. We can not see QGP directly probe of initial state of collision

2. large back ground

photon

Photon doesn't interact with any other hadrons
and they keep their conditions

when they are generated in final state.
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1-2. Introduction ~ direct photon=

photon form

_ _ hadron decay
jet fragmentation

prompt photon thermal photon

direct photon ‘ inclusive photon
PHENIX Au+Au (central collisions):
b n Ehrui:l':a . ) .
10 | il T Example of direct photon analysis :
: ‘ GLY parton enermy loss (dhidy = 1100) measurement Of RAA
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We estimate the elliptic flow (v,) of
direct photon to study initial state of collisions.
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2-1. Motivation - elliptic flow of direct

Expectation of photon v, at relativistic heavy ion collisions

N
d¢-)

= Ny(1+ 203 cos(g— ) + 2y cos(2 - ©)) + ....0.)

hadron decay thermal photon v,>0

prompt photon

annihilation

Thermal photon compton scatteri

photon from jet fragmentation Bremsstrahlung

(energy loss)
27/Mar/2006 Kentaro MIKI 4




2-2. RHIC-PHENIX

RHIC

The Relativistic Heavy lon
Collider (RHIC) at Brookhaven
National Laboratory is a world
class scientific research facility
that began operation in 2000,
following 10 years of

development and construction. West Fast
lead scintillator (PbSc) lead glass (PbGI)
energy resolution energy resolution
2.1 A 8.1 %/ E¥2 [GeV] 0.76 A 5.95 %/ EY2 [GeV]

Ih| < 0.375 Df=90°" 2

“‘"\.
) e
J Light collection

Ph + Scintillator

generaie

light
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3-1. method of calculation

inclusive photon
direct photon
neutral hadron which have

decay mode to photon (p°h,...)
hadron decay photon

Ex. p°® and inclusive photon v,

cantrality 00-92 %
. aa LR
A clusive k=
: L = 0-10% Central Au+Au \[s,, =200 GeV
Lo g 4 — 1+, 00p % Moo}  urge Vogelsang NLO
=3 1 i = 1Y cn X Noow)  Yoga  Hasaiw = 0-5pr. 2.0p; ;
- work in progress of R e e il
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e AL L LS S e e e i o . o o IF'I:|E.MI.)( Il’r.eli.mi.nalryl o
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. . Ge
R* . Mc: photon BG_ photon N e photon Py (BeV)
dir.photon __ V2 - V2 R —_
2 =

R-1 N BG _ photon
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3-2. calculation of

Energy cut (Eg, >0.2 GeV) calculation step of p°v,

shower shape cut (c2< 3)

L
EMCal TOF ( TOF < 1.2 ns) photon ID by EMCal [~ |

charged veto ( pc3hit > 6.5 cm)

p° PID - invariant mass

[nvariant mass = \/EELEE (1- nztytns )

azimuthal distribution of p°

fitting by Ny[1+2v,cos{2(f -Y)]]

& sl o b by ea il gaaa B iala sl aiglgias laiei
1 0F o ba 05 4% 0¥ 08 69
by e (]

correction by reaction
plane resolution
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4-1. result ~p° v, ~

0.15
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centrality 00-92 %
o o v,
I charged hadron v
[ ] n° v, (run2)

work in progress

1

-0.05
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P, [GeV]

estimate the p° v,

\/

hadron decay simulation

\/

estimate the inclusive photon v,

\/

direct photonv,

We estimate the p°® v, more than 1 GeV p; region (work in progress).

This plot compared to charged hadron v, (PHENIX preliminary)

and run 2 result.
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4-2. result ~ hadron (p2 or h) decay photon v~

03 min. bias
0.25—  hadron decay photon :
- estimate the p° v,
0.2— .
= work in progress
0.15— v : :
- hadron decay simulation
01— v
oosf—m
- estimate the inclusive photon v,
0-
0.05— : v
- direct photonv,
0 10_\ ! | T | | | | \ \ \
1 2 3 4 5 6 8

This plot shows the hadron (p°® or h) decay photon from p° or Kaonv,,.

Input of p°® decay photon is fitting function of p° v,
Input of h decay photon is Kaonv, (PHENIX preliminary).
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4-3. result ~ inclusive photon v> ~

centrality 00-92 %

® inclusive photon v,
L inclusive photon (run2)
O preliminary (run4)

work in progress

0.9y
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4 5 6 7 8 9

estimate the p° v,

hadron decay simulation

| estimate the inclusive photon v,

direct photonv,

P, [GeV]

We calculate the inclusive photon and compared to results of previous analysis.
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4-4. result ~ subtract the hadron deca

min. bias

0. ] - hadron decay photon
e inclusive photon

0.25| R*v'{'f'”"““—v?ﬁ: {run2})

| = Reviekeebe
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i : |

05 hadron decay simulation
Ay P N e e g e
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- =l estimate the inclusive photon v,

| R:00-92% \4

= - - o .

) e, i o | direct photonv,

. R m e me e Y3

e b _ B(_ inc . photon st inc. ine. ; .
B = R O | o N o S AR + (R + (AufS?

N BG _ photon

This plot shows v, of subtracted the hadron decay photon from inclusive

photon.
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4-5. result ~ centrality dependence =

work in progress

centrality 00-20 % centrality 20-40 % centrality 40-60 %
hadron deca hoton hadron deca hoton hadron deca hoton
;0.3 - v P Saa = Y P i - v P
C - C inclusive photon
o.25[
F |
0.2
015
oyl 2 -
E *
r
0;0574
[
I Lo
o "
-1
o = 1
-0.05|— o
ot b berne beven bevne b bvva b bewnn be v ot b bevn b bvve b bevna by bevnn by ol b bvne berns bve b e B b bens
o 1 2 3 4 5 6 7 8 a 10 1] 1 2 3 a 5 6 7 8 a 10 o 1 2 3 a 5 & 7T 8 a 10
P, [SeV] P, [SeVv] P, [SeVv]
o contrality D=-20 % - Cartro iy 20 -0 T AT S ntrality SLl-G0 Sh.
=
= - Heteim ™ - Hobin - = Rein
- 4 F
a ] -]
= ! | a
-
- - L]
. e - - : - - &
....... Laciilasalaadilaasiiairibiaialiveal i ibyas
L LR T G e Com T e e - = L e e adicadi ol [P ORI PP e
4 = = - - - Ed L] =& i3
L i | Lt | B, et

These plots show centrality dependence of subtracted photon v,.
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5. summary and todolist

summary

+ We estimate v, of p°, inclusive photon, and subtracted photon
to study initial state of relativistic heavy ion collisions and QGP.
+ We used Au+Au collisions data set in v sy, = 200GeV
at RHIC-PHENIX.
+ Compared to results of previous analysis.
+ We show the subtract photon at less than 5 GeV p; region, and

these results are still work in progress.

+ need to more study about systematical error.

+ study of v, calculation methods

+ estimate the direct photon v, from inclusive photon and
hadron decay photon.

+ prepare to show result at more large p; range.
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Ex. Back up
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EX. Introduction (generation of photon

Typical generation of photon at heave ion collisions

photon form

prompt photon thermal photon jet fragmentation hadron decay

1 these photons.

Photons from thermal equilibrium state.
These photon have thermal information of initial state.

And, these photons are important of studying expansion process about hottest matter.
vItissu arnurly 15
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Ex. Introduction ~ elliptic flow =

N

§ o
A ———— = Ny(1 4+ 20y cos(p— ) + 25 cos(2( = T)) + .......
N % S do—g ot vy co8(9 = V) + 2ty c08(2(g - ¥)) + o)
)/ A‘! f

_— —) .
X Y : reaction plane
(reaction plane) v,
0.3 0.1 . T
y 4 S R
¥ 5 f reaction 3 |2 KK
[~ outplane | 02 S |*ppbar g S
d; |r ,zf’f/\;}' p T, p a e 305 ‘-‘J‘ |
| e O : g» e
— - x B - : 7
== /‘//7 in plane =
|:l!'.|!il.‘.:'.«,"tt]1 éﬁ/‘: X : i.
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Ex. systematical error propac

; centrality [%)] systematic error centrality [%] systematic error
dlreCt phOtOﬂ from reaction plane from reaction plane
. determination [%] determination [%]
SyStematIC error 00-10 20.60970 10-20 5.11321
20-30 3.94074 30-40 3.75969
40-50 4.05684 50-60 4.60628
hadron decay 60-70 2'?:.52-510 _
hoton error 00-20 13.4326 20-40 3.8683
e 10-60 1.25345 00-02 15
pi0 PID o reaction plane determination
h contamination centrality [%] | systematical error
reaction plane determination from x° PID
' in high pr [%]
. . 00~.20 6.54137
inclusive 20~.40 7.66519
photon error 40~60 5.72081
. . 00~-92 5.61786
calculation method differenc
. . . 0
reaction plane determination ' p° PID
centrality [%] systematical error
. from calculation method
R=N(inc.)/N(BG.) there are same of inclusive photon
error Component in high Pr [';'ff_n]
rom 20~40 4.16751
40-~.60 3.72115
they have to remove 00~.92 4.91141
when error propagate of calculation method of

direct photon inclusive photon
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ExX. R
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hadron decay
photon error

>

inclusive
photon error

>

R=N(inc.)/N(BG.)
error

contrality 00-82 %o
0.3 : :‘“ﬂ; o | = S0 centrality 00-92 %
- hod £ .or difference of
o o~ method L & T piot by method 1
o ST - ' ) = C
- “:-m : + . l— average g 20; an.d average plot—.ﬁ
u_usi e /v ! E ratio
ol : : m;_.,.,
oo method 2 | P —
TR e e e » ooV’ R T A T
P, [GeV]
O ahrs Pl v
As systematic error of inclusive photon,  *°* error from ihulve ptiokge: (i) |
| have estimated error from calculation > difference of calculation method
. . 0.2 I
method difference and reaction plane e reaction plane determination
determination. The error from photon - Yo, T . |
PID have not estimated yet. oo | (|
d 5__;_?-. . l
. o =
Please refer to my analysis note for — :
calculation method . 4,,1‘!}...
1 2 3 a4 5 [ 7 P,glﬁi\:]ﬂ
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